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Remarks 

Claims 1, 6, 7, 10, and 14-21 are pending. Applicants appreciate the withdrawal of the 
rejection of claims 1, 6, 7, 10, and 14-21 under 35 U,S.C. § 112 first paragraph, written 
description and enablement. 

Rejection Under 35 U.S.C. § 112, written description 

Claims 1, 6, 7, 10, and 14-21 were rejected under 35 US.C § 112, first paragraph, as 
containing subject matter which was not described in the specification m such a way as to 
reasonably convey to one skilled in the art that the inventor had possession of the claimed 
invention. Applicants respectfully traverse this rejection. 

The claims have been amended to recite that the methods include providing genetically 
engineered bacteria expressing a gene that encodes apolvhvdroxvalkanoate fPHAl polymerase 
that polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA. Support for this 
amendment can be found on page 4 5 lines, 3-8 and page 21, lines 1 1-15, which disclose that 3- 
hydroxyhexanoyl CoA accepting PHA polymerase genes can be obtained from A. caviae, 
C testosteroni, T % pfenigii, and possibly P. denitrificans and & natans. 

Further support for the polyhydroxyalkanoate polymerase gene from A. caviae can be 
found in Example 2, on page 21, lines 24-26, which cites a publication (Fukui & Doi. J. 
Bacterid. 179:4821-4830 (1997)) that describes the sequence for this gene. In addition, the 
Examples disclose that the polymerase from A. caviae (Examples 2 and 5) and the polymerase 
from N. salmonicotor (Example 3) can both form PHBH copolymers. This demonstrates that 
enzymes that accept both 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA as substrates are 

45061965 I. DOC A MBX020 

077832/00077 



PAGE 9128 1 RCVD AT 11/15/2005 4:43:20 PM [Eastern Standard Time] * SVR:USPTO€FXRF-6/25 * DM S : 273 3 300 * C SID: ' DURATION (mm-ss):17-00 

BEST AVAILABLE COPY 



•NOV. 15. 2005 4:45PM PABST PATENT GROUP 



NO. 6070 P. 10 



U.S.S.N. 09/235,875 
Filed: January 22, 1999 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

not mere conjecture, but substantiated. Finally, Figure 9 is a schematic of selection for a PHBH 
recombinant pathway in E. Coli using the PHA polymerase gene from P. putida. The schematic 
clearly shows that the polymerase acts on 3-hydroxyhexanoyl-CoA. Accordingly, it is clear 
from the ample support in the specification that the Applicants were in possession of 
polyhydroxyalkanoate polymerases with the appropriate substrate specificity. 

Rejection tinder 35 U.S.C. § 102 

Claims 1, 7 9 10, 15, 18, 19 and 20 were rejected under 35 U-S.C § 102(b) as being 
anticipated by Timm A. et zLAppl and Environ J Microbiol 56(11): 3360-3367 (1990) 
("Timm") in light of Hoffman K et al. FEMS Microbiol Lett. 184; 253-259 (2000) 
("Hoffman"). Applicants respectfully traverse this rejection to the extent that it is applied to the 
claims as amended. 

The Legal Standard 

For a rejection of claims to be properly founded under 35 UJS.C § 102, it must be 
established that a prior art reference discloses each and every element of the claims, HybHtech 
Incv Monoclonal Antibodies Inc, 231 USPQ 81 (Fed. Cir. 1986), cert, denied, 480 US 947 
(1987); Scripps Clinic & Research Found v Genentech Inc, 18 USPQ2d 1001 (Fed. Cir. 1991). 
The Federal Circuit held in Scripps, 1 8 USPQ2d at 1010: 

Invalidity for anticipation requires that all of the elements and limitations of the 
claim are fouad within a single prior art reference. . . There must be no difference 
between the claimed invention and the reference disclosure, as viewed by a 
person of ordinary skill in the field of the invention. (Emphasis added) 
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A reference that fails to disclose even one limitation will not be found to anticipate, even if the 
missing limitation could be discoverable through further experimentation. As the Federal Circuit 
held in Seripps, Id. : 

[A] finding of anticipation requires that all aspects of the claimed invention were 
already described in a single reference: a finding that is not supportable if it is 
necessary to prove facts beyond those disclosed in the reference in order to meet 
the claim limitations The role of extrinsic evidence is to educate the decision- 
maker to what the reference meant to persons of ordinary skill in the field of the 
invention, not to fill in the gaps in the reference. 

Analysis 

The claims, as amended, specify that the method for the biological production of 
polyhydroxyalkanoate containing 3-hydroxyhexanoate includes providing genetically engineered 
bacteria expressing a gene that encodes a pohflivdroxvalkanoate CPHA> polymerase that 
polymerizes 3-hydroxybutyryl Co A and 3-hydroxyhexanoyl-CoA. 

Timm discloses transforming Pseudomonas aeruginosa with a polymerase (phbC) gene 
from A. eutrophus (R. eutropha). However, the first paragraph of the Discussion of Timm 
teaches . .the PHA synthase of A. eutrophus exhibits a preference for CoA derivatives of 
hydroxyalkanoic acids with four and five carbon atoms and does not accept longer derivatives 
as substrates", thereby specifically excluding the claimed subject matter. The specification also 
teaches that the polymerase from A eutropha does not polymerize 3-hydroxyhexanoyl-CoA. 
See page 11, lines 5-9, which reads "The PHB polymerase from IL eutropha is highly specific 
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for the 3-hydroxybutyryl CoA monomer and shows only 7.5% activity towards 3-hydroxyvaleryl 
CoA. No activity with 3-hytiroxyhexanoyI CoA or longer 3-hydroxyacyl CoA's was detected 
in in vitro studies (Haywood, et al, FEMS Microbiol Lett., 57:1 (1989)." 

In addition, Table 1 of Timm shows that the control strain P. aeruginosa PAC1 
synthesizes PHA containing 3-hydroxyhexanoate before the PHR-synthetic genes of A. eutophus 
are introduced {P. aeuruginosa PAC1 (pVK101;:PPl)- see page 3361, Results Section, lines 2- 
4), Therefore, the ability of this strain to produce PHA containing 3-hydroxyhexanoate is due to 
endogenous enzymes expressed by the strain and not from the expression of the A. eutrophus 
genes. 

Hoffman does not make up for this deficiency, Hoffinatxa was cited to prove that 
Pseudomonas aeruginosa inherently comprises the phaG gene, i.e. a gene encoding a Beta- 
hydroxyacyl-ACP-coenzyrae A transferase also known as ACP-CoA acyltransacylase. 
Hoffmann states that the phaG gene product from P. aeruginosa is involved in the synthesis of 
polyhydroxyalkanoic acid consisting of medium-chain length constituents from non-related 
carbon sources, specifically Hoffmann states that phaG exhibits 3-hydroxyacyl-ACP;CoA 
transacylase activity 

Since the disclosure of Timm in light of Hoffman does not teach providing genetically 
engineered bacteria expressing a gene that encodes a PHA polymerase that polymerizes 3- 
hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA, the reference does not disclose all of the 
claim elements and limitations and, thus, does not anticipate the claims. 
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Rejection Under 35 U.S.C. § 103 

Claims 1 and 6 were rejected under 35 U.S.C. § 103(a) as being unpatentable over Timm, 
in view of U.S. Patent No. 5,470,727 to Macharenas et al ('Macharenas"). Claims 1, 7 and 14- 
21 were rejected under 35 U.S.C § 103(a) as being unpatentable over Tiffim, in view of Schubert 
P. et aL J, Bacieriol 170(12): 5837-5847 (1988) ("Sclmbert") and in further view of Boynton Z. 
et al. 1 BacterioL 178(11): 3015-3024 (1996) ("Boynton"). Applicants respectfully traverse 
these rejections to the extent that they are applied to the claims as amended. 

The Lezal Standard 

U.S. Patent and Trademark Office has the burden under 35 U.S.C. § 103 to establish a 
prima facie case of obviousness. In re Warner etaL, 379 R2d 1011, 154US.P.Q. 173, 177 
(C.CJ.A. 1967), In re Fine, 837 F.2d 1071, 1074, 5 U.S,P.Q.2d 1596, 1598-99 (Fed. Cir. 1988). 
To establish a prima facie case of obviousness, three basic criteria must be met. First, there must 
be some suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the reference or to combine 
reference teachings. Second, there must be a reasonable expectation of success. Finally, the prior 
art reference (or references when combined) must teach or suggest all the claim limitations* The 
teaching or suggestion to make the claimed combination and the reasonable expectation of 
success must both be found in the prior art, and not based on applicant's disclosure. In re Vaeck, 
947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

The prior art must provide one of ordinary skill in the art with the motivation to make the 
proposed modifications needed to arrive at the claimed invention. In re Geiger, 815 F.2d 686, 2 
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U.SJP.Q.2d 1276 (Fed. Cir. 1987); In reLalu and Foulletier, 747 F.2d 703, 705, 223 U.S.P.Q. 
1257, 1258 (Fed. Cir. 1984). Claims for an invention are not prima facie obvious if the primary 
references do not suggest all elements of the claimed invention and the prior art does not suggest 
the modifications that would bring the primary references into confonnity with the application 
claims. In reFritch, 23 U.S J.QJ2d, 1780 (Fed. Cir. 1992). In reLaskowski, 871 F.2d 115 (Fed. 
Cir. 1 989). This is not possible when the claimed invention achieves more than what any or all 
of the prior art references allegedly suggest, expressly or by reasonable implication. 
Analysis 

Rejection of claims 1 and 6 over Tirrun, in view of Macharenas 
As stated above, Timm discloses transforming Pseudompnas aeruginosa with a gene 
encoding PHB polymerase from A. eutrophus (R. eutropha), which does not polymerize 3- 
hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA, Macharenas merely teaches the 
chromosomal expression of non-bacterial genes in bacterial cells. 

Neither Timm nor Macharenas, alone or in combination, disclose or suggest providing 
genetically engineered bacteria expressing a gene that encodes a polyhydroxyalkanoate 
polymerase that polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA. Therefore, 
the claims of the present invention are not prima facie obvious over these references, since the 
references do not teach or suggest all of the claim lixcdtations. 



45061965.1.DOC 



9 



MBX020 
077832/Q0O77 



PAGE 14/28 ' RCVD AT 1 1/1 5/2005 4:43:20 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/25 * DNIS:2738300 ■ CSID: 1 DURATION (mm-ss):17-00 



•NOV. 15. 2005 4:47PM PABST PATENT GROUP 



NO. 6070 P. 15 



U.S.S.K 09/235,875 
Filed: January 22, 1999 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

Rejection of claims 1, 7 and 14-21 were over Tinmu in view of Schubert and in further 
view of Boynton 

Both Tinnn and Schubert disclose introducing the PHB synthetic genes from A. 
eutrophus into P. aeruginosa andii, coli, respectively. The PHB polymerase from A. eutrophus 
does not polymerize 3-hydroxybutyryl CoA and 3-hydroxyhexanoyI-CoA. La addition, Schubert 
does not describe a polymerase gene from it rubrum that was available. Schubert cites to a 
paper that was published in 1960 (Merrick, J.M. and DoudorofF, M. Nature 189: 890-892 (1960) 
(enclosed), which only states that PHB synthase is associated with phospholipids on the surface 
of the PHB granules under certain conditions of growth. There is nothing in the reference about 
isolating, cloning, sequencing or genetically engineering a PHB synthase from R. rubrum. 

Boynton discloses three enzymes from C acetobutylicum that form butyryl CoA. 

None of these references, either alone or in combination, disclose or suggest providing 
genetically engineered bacteria expressing a gene thai encodes a PHA polymerase that 
polymerizes 3-hydroxybutyryl CoA and 3-hydroxyhexanoyl-CoA, Therefore, the claims are not 
prima facie obvious over these references, since the references do not teach or suggest all of the 
claim limitations. 

Double Patenting Rejection 

Claims 1, 6, 10 and 16 were rejected under the judicially created doctrine of obviousness- 
type double patenting as being unpatentable over claim 17 of U.S. Patent No. 6,593,1 16 and 
claim 18 of U.S. Patent No. 6,913,91 1. Claims 1, 6, 10 and 16 were provisionally rejected 
under the judicially created doctrine of obviousness-type double patenting as being unpatentable 
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over claims 1, 2, 5, 10, and 23 of copending Application No. 10/703,906. Claims 1, 6, 10, and 
16 were provisionally rejected under the judicially created doctrine of obviousness-type double 
patenting as being unpatentable over claim 18 of copending Application No. 1 1/053,551. 
Applicants respectfully traverse this rejection to the extent that it is applied to the claims as 
amended. 

Enclosed with this response is a Terminal Disclaimer to obviate the double patenting 
rejection over U.S. Patent No. 6,593,1 16, US. Patent No. 6,913,91 1, U.S. Application No. 
10/703,906, and U.S. Application No. 11/053,551 along with five statements under 37 CF.R. § 
3.73(b). 

Claim Objections 

The Examiner has objected to claim 1 5. Applicants respectfully traverse this objection to 
the extent that it is applied to the claims as amended. 

Claim 15 has been cancelled, therefore, the rejection is moot. 
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Allowance of claims 1, 6, 7, 10, and 14-21, is respectfully solicited. 



Date: November 15, 2005 

PABST PATENT GROUP, LLP 
400 Colony Square, Suite 1200 
1201 Peachtree Street 
Atlanta, Georgia 30361 
(404) 879-2151 
(404) 879-2160 (fax) 



Respectfully submitted, 




Tiffany B. Salmon 
Reg. No. 55,589 
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stage or other and only 2 out of the 18 animals, 
which were followed over the whole period* failed 
to &how any reaction. As a control, 9 normal ATtimftTn 
were skin tested with PJPl) $ times over a similar 
period. One of these showed reactivity on the 
second injection. 7 days after the first, and afterwords 
failed to react, and % others showed vary mild 
reactions which appeared only a* the end of the 
three months course. When frozen and thawed 
peripheral blood leucooytes and spleen cells from 
normal unsenaitjzed animate were used tho recipients 
behavod like the control group with no CeHs* 

At the end of tho oxpariment all four groups were 
challenged with 2 mgrn v PPD intravenously. Sixteen 
out of 18 animal* which had received disrupted 
cells from hypersensitive .donors developed ana- 
phylaxis and 10 died. Only 2 of tho 9 controls 
developed very mild anaphylaxis. 

From these results it appears that a transient 
delayed hypersensitivity is transferred by intact 
peripheral blood leucocytes* spleen oella and lymph 
node cells* and that it may bo followed by a, super- 
imposed active immunization whioh persists far 



beyond the time when the donor colla would have 
been destroyed by a homograft reaction. Peripheral 
blood leuoooytes were more effective in respect of 
active sensitization than cello from tho spleen and 
lymph nodes- A further property of cells from 
aenaitteed donors is that they can enhance tho 
development of antibody against tuberculin accom- 
panying multiple injection* of PPD. 2>PD is not a 
tingle substance, and there is no evidence whether 
the antibody is directed against traces of contami- 
nating antigen which are known to be present. 

These eoeperimonte indicate that the possibility 
that active immunization has occurred must bo 
borno in mind in tho interpretation of experiments 
on passive- transfer of delayed hypersensitivity. 

I would like to thank Dr, J. H. Humphrey for his 
advice throughout this investigation. 
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ENZYMATIC SYNTHESIS OF POLY-F-HYDROXYBUTYRIC ACID 

IN BACTERIA 

By Dil J. M. MERRICK and Prof- M. DOUDOROFF 
Department of Bacteriology, University of California, Berkeley 



THE polymeria ester, poly-04rydroxybutyrJo acid, 
crighoalr/ discovered by Lemoigno in 1937 as a 
major component of PnciUus m^gateritm, has since 
been found to be an important storage material in a 
variety of bacteria 1 -*. It serves as an intracellular 
reserve of carbon and reducing power in tho photo- 
oynthotic bacterium, RhodaapiruUtrfl. ruimumy and as 
the principal substrate for the endogenous respiration 
of certain aerobes 1 -*. 

l*he present report deals with the synthesis of the 
polymer from carbon-14-labeilled d(— )-p-hydroxy- 



butyryl-ooenzyme A by particulate fractions of cell- 
free extracts from B, megatorfam and & rvbntm. 

Radioactive d(— )^hydroxyhutyric acid was ob- 
tairjod by alkaline hydrolyeifl of purified polymer 
isolated from cells of ru^rum that had asaimilated 
umfonmv labelled aoetaie in tho light 1 . The acid 
was purified by • paper chrainatograp^ry, and the 
OOOnsgTme A derivative was prepared by the mixed 
anhydride method of Wieland and Rueff*. Free 
p4rydroxybutyric acid was removed from the acidified 
solution by ether extraction. Analysis of the speoific 
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activity of the product, coupled with Irydroxarnato 
and Bulphydryl determination^ indicated that at 
least 9fi per cent of the aoid was present in tuiooster 
combination. Since the commercially available 
coenzyme ,4 used for the synthesis is only 50-76 per 
cent pure and is contaminated with other Sulphydryl 
compounds (for example, glutathione), the assays 
reflect the total concentration of phydroxybutyryl 
thioesters, rather than of the coenzyme A derivative 
alone. Poly -hydroxybutyric acid we a assayed with t 
a modified hydroxamate method for ester determ- 
ination', or by the spectrophotometries method of 
Slepeefcy and Iaw*. 

B, me&tfertotn, Btrain Km, was. grown hi the 
medium containing 2 per cent glucose described by 
Macrae and Wilkinson*, The cells were gathered at 
the end of exponential growth and washed with 
0-033 M phosphate buffer, pR 7 0. Oefl-free extracts 
wore prepared by the-'osmotio lysis of concentrated 
protoplasts made by lysozyme treatment of the cells'. 
The lysates were eubjooted to sonic oscillation to 
liberate the polymer partiolea from the cell mem- 
branee. The heavy particulate fraction (consisting 
mainly of polymer particles) was separated from tho 
extract by oentrifugation at 3,000 g for 20 mm. at 
4 a C, and tha particles were washed several times 
with phosphate buffer, piB. 7*0. The supernatant 
fraction contained both the Soluble proteins of the 
cell and the disintegrated cell membranes. 

The particulate fraction waa incubated with radio- 
active p-hydrovybutyiyl-cc^nzyma J. in the presence 
and absence of the supernatant fraction. The reaction 
was stopped by addition of aloohol (60 per qont final 
concentration) and the radioactivity of the isolated 
polymer waa measured. The particles were eedi- 
mented by centrifugation, treated with alkaline 
hypochlorite, washed succesaively with water and 
acetone and finally dissolved in chloroform*-*. Suit- 
able aliquots were analysed for radioactivity. Con- 
trols were performed with reaction mixtures in which 
p rhyrtroxybutyryl- coenzyme A was replaced by 
labelled ^ydro^ybotyrate in the presence or absence 
of coenzyme A, as well as by eJkali-hydrcJysed 
coenzyme A derivative. No incorporation of radio- 
activity into polymer was observed in the control 
reaction mixtures. In the presence of ^hydroxy- 
butyryl-ooenzyroe A, on the other hand, the 
polymer beearne rapidly labelled with carbon- 1 4 
when the particulate fraction was used either 
alone or in combination with the supernatant 
fraction (Table 1). 

The reaction came to completion in about 20 min., 
at which time 36-45 per cent of the total radio- 
activity was recovered in the polymer. The observed 



maximal conversion of thioeeter to polymer does not 
give any information on the equilibrium constant for 
the synthesis of polymer from ji- hydroxybutyryl - 
coenzyme A, since the true concentration of the 
latter compound was not known for reasons pre. 
viously discuseed. 

To study the atoiohiometry of the reaction, a 
further experiment waa performed in which the dis- 
appearance of thioester was measured. The analyso$ 
showed that in a reaction mixture initially containing 
1 -2 mgm. washed polymer particles (without super- 
natant fraction) and 1*2 pequiv. of thioester per 
ml, 0*5 ptequiv, of ^-hydroxy butymte was incor- 
porated in the polymer! while 0-6 |iequiv. of thioester 
had disappeared. Thus, the synthesis of polymer 
accounted for more than 60 per cent of the thioester 
decomposed. 

To identify the product unequivocally, the labelled 
polymer from the above experiment was diluted with 
purified carrier poiryr/ierM and reprocipitated three 
times from chloroform ; twice with 00 per cent 
ethanol and once with acetone-ether (2 i 1), The 
specific activity remained constant throughout. The 
Topreoipifcated polymer was hydrorysed fox 23 hr. at 
30* in N potassium hydroxide* treated with cation 
exchange resin {'JDowex 50', H*), and chromato- 
graphed on paper using the following solvents t 

(1) eUier-benzeiie-f orro io acid-water (50 : fiO : 12 -5:2)? 

(2) tvmitanol-glacial acetic aoid-water (100 : 6 : ? 

(3) »-butanol saturated with 1<&M ammonia. In, each 
case, only one radioactive spot was found on the 
paper, which corresponded exactly with the location 
of the $ -hydroxy butyric aoid spot. 

Cell-free extracts of R, rubrum also rapidly incor- 
porate the (J ^hydroxybutyryl moiety of the coenzyme 
A derivative into polymer. As in megatertum* 
the activity is largely associated with tho particulate 
fraction. The kinetics of incorporation are, however,, 
complicated by tho presence of an active depoly- 
moraao which is also associated with the particles. * 
Crude extracts were prepared by sonic oscillation of 
cells grown anaerobioally in the light* The particulato 
and supernatant fractions were separated by low- 
speed centrifuging. The former, which contained the 
polymor parti oled, was heavily oontainmated with 
pigmented cell debris, Tbe native polymer, when 
resuspevided in either the supernatant fraction or 
buffer, underwent rapid hydr o lysi s to p-hydroxy- 
butyrio aoid. As much as 80 per cent of tho polymer 
disappeared after SO min. of incubation at 33° <X 

The results of en experiment in which labelled 
P'hyt^mybuiryryX^oenzyina A was added to a crude 
cell-free preparation are shown in Fig. 1. MimiYml 
incorporation was achieved within 2 mm H after which 
time the total carbon- J 4 content of the polymer 
rapidly decreased. The earjy termination of incor- 
poration can be plausibly ascribed to exhaustion of 
the substrate. Thereafter, radioactivity ia lost from 
the polymer as A consequence of the continued 
. depolymerization. The results of a parallel experi- 
' jnent, in which the reauspended particulate fraction 
was incubated with otffierent cOTWCttteations of sub' 
strata, axe entirely compatible with this mterpretation 
(Table 3). The identification of the carbon-14-labelled 
product was carried out as described above In the 
experiments with B* meffufsr&rtp. 

direct activation of p-hydroocybutyric acid with 
adenosjnB triphosphate and ooenzyxne 'A could be 
deinonBtrated in cell-free extracts of R> rubrum. A 
small inoorparation of carbon- 14 into polymer was 
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fig. 1. IooprpOT*tlp* of e*rbon-14 Into polymer "by crodo extracts 
of 2L w&rvm. Tho rowUoa utztuna conUm&d erode extract 
(& -ft mem. polymer aad 6-08 mpn. protein per ml.); JDK— h$- 
nydraxybnt^yl-eoonayino A, 1 '4 pfeqnlv,: and tha nulowms 
component* (in jnnolca per mk): raoKneaunn chloride. IE '7 ; 
omutniane, 12-7: ud trU (hydroxymoHtfl) ^Uiomrthattthydro- 
eUorlOe bulier ( 7 * l| 127, The nut tan mlituraj weronwuDaWd 
M 33* C. 

observed, however, when cmdo extracts were in- 
cubated -with earbon-144a>bolled acetate, adenosine 
triphosphate, coenzyme A and rednced pyridine 
nucleotides. 

IVo soluble enzymes, presumably involved in 
polymer metabolism, were found in the supernatant 
fraction of -R. ru&rum extracts prepared from oels 
that had depleted their polymer stores. A hydrolytio 
system cat*4y#«J digestion of boiled poJymGr partiolee 
of J?, rvbrwn wid native polymer particles of B. 



Tno naoHoa mlxtana eotrtataed rocnapendod particulate fraction 
(9'1 mgm. polymer per znL); ud the fuUortng component) (in 
amoleft per ml»l : magnet him chloride. 10 ; KSntathlone, 10 ; and 
trit (hydifecyincthyl) aintnomettanonydfoohloridd Dover , pH 7-4> 100. 
Expa. 1. & and 8 antabiBd 0-25. 1*0 And 4-0 /wqulv. of D(— >-d- 
bydrwtutym-«o»wne 4 pet ml (tnlllU). rc»pccartly. The 
reaction mixture* vwc Incubated at 83" <7, 

rnegcuerwm but does not attack the purified poly- 
mer. A specific diphosphjOpyridine nucleotide .linked 
d( — )*p-hydroxybutyrio aoid dehydrogenase is also 
present in auoh extracts, and has been partially 
purified. 

This work forma part of a programme supported 
by a grant from the National Institutes of Health 
and Funds for Ganoer Research of the University of 
California. One of us (J. M. M.) hold* a postdoctoral 
fellowship from the Arthritis and Rheumatism 
Foundation. 
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INHIBITION OF CELLULAR RESPIRATION BY CO-CARCINOGENIC 
FRACTIONS OF CROTON OIL 

By Dr, A, C. AU1SON and J. W. LIGHTBOWN 
National (ns^utc for ModM Research, Mill Hilt, London. N<W.7 



AS A result of the work of Rous and hie colleagues 1 
and Berenhlum and his oolleagnas 1 , it is miety 
aooepted that carciuogenesifl in. skhi — and probably 
also in other organs— takes place in two suooeeaire 
stages, A. sis^e Bmall dose of a oarohiogen eueh as 
9 : JO^imethyl.l : g-benzjttithraoeiia applied to mouse 
akin is suffiotent to produoe a lasting 'miti&tion' hot 
no tumours. Subsequent repeated application of 
eroton oil gives rise to a large crop ofturnourft* vhoreas 
oroton , oil * applied \rithout a previous mrtiating 
stimulua produoes few, if «ny» tumours. Several 
arguments" mak» it olear that the 'promotion' or 
'oo-oaroinogenogby by oroton oil is oomplementary 
to initiation and quite distinct from it; thus, 
administration of the initiator after prolonged 
treatment -with oroton oil does not lead to tumour 
formation. 

The factor or motors in oroton oil responsible for 
tumour promotion have not been identified, and their 
effects on oell metabolism have not previously been 
described. .lajinatry 4 has submitted methanolie 
extracts of eroton seeds to eiliea-gel chromatography 
and obtained frnotionB, comprising about 1 per cent 
of the whole oil, that appear to have all its tumour- 



promoting activity* Fractions kindly provided by 
3>r, IijtaAgr &ro at present being ana^Bed, by gas 
chromatography in this Institute in attempts to 
identify the active agent or agents. In the meantime, 
the opportunity has been taken — for reasons which 
will be apparent in the discussion here— to analyse 
the effects of the eroton oil fractions on oell meta- 
bolism. It has-been found that the highly active 
tumoucr-promoting fractions are inhibitors of oellalar 
respiration in several tissues, and this property may 
well be related to their oo-carcmogenio eifoot. 

Rat liver homogenous* Livers of 100-gm. hooded 
rata wore homogenized by the Potter-Elvehjem 
technique in the following medium : 0*3 M siioro&e, 
0-O02itf sodium ethyjepediflmme tetraacetate and 
0*03 M xucotinamide ? adjusted to pK 7 '1 with potas- 
sium hydroxide. Each Warburg flask contained 0-3 
ml. hnmogeaate (oontaining 1-02 mgrttp protein 
nitrogen par ml.), 0'2 ml. potassium succinate* 
O'lSlf, jpH 7-1 and 1-4 mL sncrose^thylened^amme 
tetTBAoeteta-nlootiiiaziiide as above, Croton oil 
fractions were added in ten-fold dilutions in 0 <0fi mL 
ethanoUc solution to givo final concentrations from 
0'2 to 200 ugm» per mL Oxygen uptake from air 
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